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A method for determining the ambient concentrations 
of a plurality of anaiytes in a liquid sample of volume V 
liters, comprises 

loading a plurality of different binding agents, each 
being capable of binding specifically and reversibly 
an analyte of interest onto a support means at a plural- 
ity of spaced apart locations such that not more than 
0.1 V/K moles of each binding agent are present at 
any location, where k liters/mole is the equilibrium 
constant of each such binding agent; 

contracting the loaded support means with the sample 
to be analyzed, such that each of the spaced apart 
locations is contacted in the same operation with the 
sample, the amount of sample liquid being such that 
only an insignificant proportion of any analyte pres- 
ent in the sample becomes bound to the binding agent 
specific for it, and 

measuring a parameter representative of the fractional 
occupancy by the anaiytes of the binding agents at 
the spaced apart locations by a competitive or non- 
competitive assay technique, using a labelled site- 
recognition reagent for each binding agent capable of 
recognizing either the unfilled binding sites or the 
filled binding sites on the binding agent, which ena- 
bles the amount of said reagent in the particular loca- 
tion to be measured. A device and kit for use in the 
method are also provided. 

17 Claims, 1 Drawing Sheet 
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which is a monoclonal antibody may, for example, have 

DETERMINATION OF AMBIENT an equilibrium constant (K) which is of the order of 

CONCENTAHON OF SEVERAL ANALYTES 10 11 liters/mole for the specific antigen to which it 

binds. Thus, under the above generally accepted prac- 

This is a continuation of co-pending application Ser. 5 tice, a binding agent (or site) concentration of the order . 

No. 07/460,878. filed as PCT/GB88/00649, Aug. 5, of 10~ n mole/liter or more is required for binding 

1988. agents of such an equilibrium constant and, with fluid 

FIELD OF THE INVENTION sample volumes of the order of 1 milliliter, the use of 

^ . . - « , . 10- 14 or more mole of bmdmg agent (or site) bconven- 

The present invents relates to die determination of 10 decmC(J nccessar ^ > Avogadro's number is about 

ambient analyte concentrations in liquids, for example ^ 14 j f ? ^ ^ ^ equivalent 

the determination of analytes such as hormones, prote- A ™_ ,^ . . "7*. ^ 

has and other naturally occurring or anifKiall/present to more f™}"* 1 * °[ bmdm * agCDt 

substances in biological liquids such as body fluids. sumn S that the binding agent possesses two bmding 

sites per molecule. For specific bmdmg agents of the 

BACKGROUND OF THE INVENTION 15 very highest affinity K is less than 10" liters/mole so 

I have proposed in International Patent Application that conventional practice requires more than 10"* mole- 

WO84/01031 to measure the concentration of an ana- cules of binding agent, whereas binding agents with 

lyte in a fluid by contacting the fluid with a trace lower affinity of the order of 10* liters/mole necessitate 

amount of a binding agent such as an antibody specific the use of more than 10 12 molecules under conventional 

for the analyte in the sense that it reversibly binds the practice. In fact all immunoassay kits marketed com- 

analyte but not other components of the fluid, detennin- mercially at the present time conform to these concepts 

ing a quantity representative of the proportional occu- and use an amount of binding site approximating to or, 

pancy of binding sites on the binding agent and estimat- more frequently, considerably in excess of V/K; indeed 

ing from that quantity the analyte concentration. In that in certain types of kit relying on the use of labelled 

application I point out that, provided that the amount of antibodies it is conventional to use as much binding 

binding agent is sufficiently low that its introduction agent as possible, binding proportions of analyte greatly 

into the fluid causes no significant diminution of the exceeding 50%. 

concentration of ambient (unbound) analyte, the frac- Because of the binding of substantial proportions, for 

tional occupancy of the binding sites on the binding example 50%, of the analyte in the liquid samples under 

agent by the analyte is effectively independent of the test in such systems, the fractional occupancy of the 

absolute volume of the fluid and of the absolute amount binding sites of the binding agent is not independent of 

of binding agent, i,e. independent within the limits of ^ volume of the fluid sample so that for accurate 

error usually associated with the measurement of frac- quantitative assays it is necessary to control accurately 

tional occupancy. In such circumstances, and in these ^ volume of the sample, keeping it constant in all tests, 

circumstances only, the initial concentration [H] of whether of the sample of unknown concentration or of 

analyte in the fluid is related to the fraction (Ab/Ab 0 ) of ^ slanc jard samples of known concentration used to 

binding sites on the binding agent occupied by the ana- generate the dose response curve. Furthermore, such 

lyte by the equation: systems also require careful control of the amount of 

A b/Ab c = KtAH\/\ + KaUH] 40 binding agent present in the standard and control incu- 

„ „ . . r „ x . _ . - bation rubes. These limitations of present techniques are 

where K, b (hereinafter referred to as K) is the equihb- uaiversally recognised and accepted, 
num constant for the bmdmg of the analyte to the bind- ^ palent Application 2 ,099,578A discloses a device 

ing sites and is a constant for a given analyte and bind- fof ^ munoassa ^ comprising a porous solid support to 

ing agent at any one temperature. This constant is gen- which of }css £ u ^^globulins, are 

erally known as the afTimtyconstant, especially when « ^ / of ^ d ^ ^ de . 

the bmdmg agent is an antibody, for example a mono- ^ a ^ gc numbcr or quanti . 

Tht ccucepfof using only a trace amount of binding tativc unmimoamy. to be performed on the same sup- 
incconccpi ui uaing umy .TV u " lu "f* port, for example to establish an antibody profile of a 
agent is contrary to generally recommended practice in , r ^ H * \ « v 
the field of immunoassay and immunometric tech- 50 samp e of human blood serum. However, alAot^ the 
niques. For example, in such a well-known work as * div ^ loc f on * ?»* fo ™ of soiled 
"Methods in Investigative and Diagnostic Endocrinol- ^rodots P^uced by supplying droplets of anUgen- 
ogy", ed. S. A. Berson and R. S. Yalow, 1973 at pages containing solutions or suspensions, the number of 
111-116, it is proposed that in the performance of a *° « ° f ****** P rcscnt at «* * fP}?™?^ 
competitive immunoassay maximum sensitivity of the 55 still envisaged as being enough to bind essentially all of 
assayis achieved if the proportion of the "tracer" ana- *e antibody) whose conception is to be 
lyte that is bound approximates to 50%. In order to measured that is present m the liquid sample under test, 
achieve such a high degree of binding of the analyte the ™s is apparent from the fact that the quantitative 
theory of Berson and Yalow, to this day generally ac- method used in that application (page 3, lines 21-28) 
cepted by other workers in the field, requires that the 60 involves calibration with known amounts of immuno- 
concentration of binding agent (or, strictly speaking, of globulin being applied to the support; but this means 
binding sites, each molecule of binding agent conven- that, in the samples being tested, essentially every mole- 
uonally having one or at most two binding sites) must cule must be extracted from the sample in order for a 
be greater than or equal to the reciprocal of the equib'b- true comparison to be made and hence that large 
rium constant (K) of the binding agent for the analyte, 65 amounts of antigen (i.e. the binding agent in this situa- 
te. [ab]> 1/K. For a sample of volume V the total tion) axe required in each microdot, greatly in excess of 
amount of binding agent (or binding sites) must there- the total amount of analyte (i.e. antibody in this situa- 
fore be greater than or equal to V/K. A binding agent tion) present in the sample. 
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SUMMARY OF THE INVENTION 

The present invention involves the realisation that the 
use of high quantities of binding agent is neither neces- 
sary for good sensitivity in immunoassays nor is it gen- 5 
e rally desirable. If, instead of being kept as large as 
possible, the amount of binding agent is reduced so that 
only an insignificant proportion of the analyte is revers- 
ibly bound to it, generally less than 10%, usually less 
than 5% and for optimum results only 1 or 2% or less, 10 
not only is it no longer necessary to use an accurately 
controlled, constant volume for all the liquid samples 
(standard solutions and unknown samples) in a given 
assay, but it is also possible to obtain reliable and some- 
times even improved estimates of analyte concentration IS 
using much less than V/K moles of binding agent bind- 
ing sites, say not more than 0.1 V/K and preferably less 
than 0.01 V/K. For a binding agent having an equilib- 
rium constant (K) for the analyte of the order of 10 1 1 



labelled with markers enabling the concentration levels 
of the separate reagents bound to the different binding 
agents to be measured, for example fluorescent markers. 
Such measurements may be performed consecutively, 
for example using a laser which scans across the sup- 
port, or simultaneously, for example using a photo- 
graphic plate, depending on the nature of the labels. 
Other imaging devices such as a television camera can 
also be used where appropriate. Because the binding 
agents are spatially separate from one another it is possi- 
ble to use only a small number of different marker labels 
or even the same marker label throughout and to scan 
each binding agent location separately to determine the 
presence and concentration of the label. By use of the 
invention considerably more than 3 analyses can be 
performed with a single exposure of the solid support 
with liquid to be analysed, for example 10, 20, 30, 50 or 
even up to 100 or several hundreds of analyses. 
Overall, therefore, the present invention provides a 



liters/mole and samples of approximately 1 ml size this 20 method for determining the ambient concentrations of a 



30 



35 



is approximately equivalent to not more than 10 8 , pref- 
erably less than 10 7 , molecules of binding agent at each 
location in an individual array. If the value of K is 10 13 
liters/mole the figures are 10*and 10 5 molecules respec- 
tively, and if K is of the order of 10 s liters/mole they are 
10 11 and 10 10 molecules respectively. Below 10 2 mole- 
cules of binding agent at a single location the accuracy 
of the measurement would become progressively less as 
the fractional occupancy of the binding agent sites by 
the analyte would be able to change only in discrete 
steps as individual sites become occupied or unoccu- 
pied, but in principle at least the use of as low as 10 
molecules would be permissible if an estimate with an 
accuracy of 10% is acceptable. Practical considerations 
may give rise to a preference for more than 10 4 mole- 
cules. 

It will be appreciated that the abovementioned GB 
patent application 2,099,578A, which for quantitative 
estimation relies on large amounts of binding agent and 
essentially total sequestration of all analyte, fails to 40 
recognise the advance achieved by the present inven- 
tion, which instead relies on a different analytical prin- 
ciple requiring measurement of the fractional occu- 
pancy of the binding agent and which thus requires only 
a very low proportion of the total analyte molecules 45 
present to be sequestered from the sample. 

Following the recognition that the use of such small 
amounts of binding agent is permissible, it becomes 
feasible to place the binding agent required for a single 
concentration measurement on a very small area of a 50 
solid support and hence to place in juxtaposition to one 
another but at spatially separate points on a single solid 
support a wide variety of different binding agents spe- 
cific for different analytes which are or may be present 
simultaneously in a liquid to be analysed. Simultaneous 55 
exposure of each of the separate points to the liquid to 
be analysed will cause each binding agent spot to take 
up the analyte for which it is specific to an extent (Le. 
fractional binding site occupancy) representative of the 



plurality of analytes in a liquid sample of volume V 
liters, comprising: 
loading a plurality of different binding agents, each 
being capable of reversibly binding an analyte 
which is or may be present in the liquid and is 
specific for that analyte as compared to the other 
components of the liquid sample, onto a support 
means at a plurality of spaced apart locations such 
that each location has not more than 0.1 V/K 
moles of a single binding agent, where K liters/- 
mole is the equilibrium constant of the binding 
agent for the analyte, 
contacting the loaded support means with the liquid 
sample to be analysed such that each of the spaced 
apart locations is contacted in the same operation 
with the liquid sample, the amount of liquid used in 
the sample being such that only an insignificant 
proportion of any analyte present in the liquid 
sample becomes bound to the binding agent spe- 
cific for it, and 
measuring a parameter representative of the frac- 
tional occupancy by the analytes of the binding 
agents at the spaced apart locations by a competi- 
tive or non-competitive assay technique using a 
site-recognition reagent for each binding agent 
capable of recognising either the unfilled binding 
sites or the filled binding sites on the binding agent, 
said site-recognition reagent being labelled with a 
marker enabling the amount of said reagent in the 
particular location to be measured. 
The invention also provides a device for use in deter- 
mining the ambient concentrations of a plurality of 
analytes in a liquid sample of volume V liters, compris- 
ing a solid support means having located thereon at a 
plurality of spaced apart locations a plurality of differ- 
ent binding agents, each binding agent being capable of 
reversibly binding an analyte which is or may be pres- 
ent in the liquid sample and is specific for that analyte as 
compared to the other components of the liquid sample, 



analyte concentration in the liquid, provided only that 60 each location having not more than 0.1 V/K, preferably 



the volume of solution and the analyte concentration 
therein are large enough that only an insignificant frac- 
tion (generally less than 10%, usually less than 5%) of 
the analyte is bound to the point The fractional binding 
site occupancy for each binding agent can then be deter- 65 
mined using separate site-recognition reagents which 
recognise either the unfilled binding sites or filled bind- 
ing sites of the different binding agents and which are 



less than 0.01 V/K, moles of a single binding agent, 
where K liters/mole is the equilibrium constant of that 
binding agent for reaction with the analyte to which it 
is specific. 

A kit for use in the method according to the invention 
comprises a device according to the invention, a plural- 
ity of standard samples containing known concentra- 
tions of the analytes whose concentrations in the liquid 
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sample are to be measured and a set of labelled site- means to be such that liquid samples of approximately 

recognition reagents for reaction with filled or unfilled the volume V liters are readily retained in contact with 

binding sites on the binding agents. the plurality of spaced apart locations marked with the 

In arriving at the method of the invention, I have different binding agents, For example, the spaced apart 

found that, generally speaking, for antibodies having an 5 locations may be arranged in a well in the support 

affinity constant K liters/mole for an antigen, the rela- means, and a plurality of wells, each provided with the 

tionship between the antibody concentration and the same group of different binding agents in spaced apart 

fractional occupancy of the binding sites at any particu- locations, can be linked together to form a microliter 

lar antigen concentration and the relationship between plate for use with a plurality of samples, 

the antibody concentration and the percentage of anti- 10 When the support means is to be used in conjunction 

gen bound to the binding sites at any particular antigen with a measuring system involving light scanning, the 

concentration follow the same curves provided that the material, e.g. plastics, for the support is desirably 

antibody concentrations and the antigen concentrations opaque to light, for example it may be filled with an 

are each expressed in terms of fractions or multiples of opacifying material which may inter alia be white or 

1/K. 13 black, such as carbon black, when the signals to be 

bp TPF nESCRTPTION OF THE DRAWINGS measured from the binding agent or the site-recognition 

BRIEF DESCRIPTION OF THE DRAWINGS Teagtal are iight signalSt ^ from fluorescent or lumines- 

The principle underlying the method of the invention cent markers. In general, reflective materials are pre- 
may be better understood by reference to the accompa- ferred in this case to enhance light collection in the 
nying drawing which is a graph representing two sets of 20 detecting instrument or photographic plate. The final 
curves plotting the relationship between antibody con- choice of optimum material is governed by its ability to 
centration and the fractional occupancy of the binding attach the binding agent to its surface, its absence of 
sites at certain prescribed antigen concentrations and background signal emission and its possession of other 
the relationship between antibody concentration and properties tending to maximise the signal/noise ratio for 
the percentage of antigen bound to the binding sites at 25 the particular marker or markers attached to the bind- 
the same prescribed antigen concentrations. Each curve ing agent situated on its surface. Very satisfactory re- 
relates to the antibody concentration [Ab], expressed in suits have been obtained in the Examples described 
terms of 1/K, plotted along the x-axis. For the set of below by the use of a white opaque polystyrene microli- 
curves which remain constant or decline with increas- ter plate commercially available from Dynatech under 
ing [Ab], the y-axis represents the fractional occupancy 30 the trade name White Microfluor microliter wells. 
(F) of binding sites on the antibody by the antigen; for The binding agents used may be binding agents of 
the second set, the y-axis represents the percentage different specificity, that is to say agents which are 
(b%) of antigen bound to those Binding sites. The indi- specific to different analytes, or two or more of them 
vidual curves in each set represent the relationships may be binding agents of the same specificity but of 
corresponding to four different antigen concentrations 35 different affinity, that is to say agents which are specific 
[Ann] expressed in terms of K, namely 10/K, 1.0/K, to the same analyte but have different equilibrium con- 
O.l/K and 0.0 1/K. The curve show that as [Ab] falls F stants K for reaction with it The latter alternative is 
reaches an essentially constant level, the value of which particularly useful where the concentration of analyte 
is dependent on [An]. to be assayed in the unknown sample can vary over 

DETAILED DESCRIPTION 40 "mstobk for example 2 or 3 orders of magni- 

ut tude, as in the case of HCG measurement in unne of 

The choice of a solid support is a matter to be left to pregnant women, where it can vary from 0.1 to 100 or 

the user. Preferably the support is non-porous so that more IU/ml. 

the binding agent is disposed on its surface, for example The binding agents used will preferably be antibod- 
as a monolayer. Use of a porous support may cause the 45 ies, more preferably monoclonal antibodies. Mono- 
binding agent, depending on its molecular size, to be clonal antibodies to a wide variety of ingredients of 
carried down into the pores of the support where its biological fluids are commercially available or may be 
exposure to the analyte whose concentration is to be made by known techniques. The antibodies used may 
determined may likewise be affected by the geometry of display conventional affinity constants, for example 
the pores, so that a false reading may be obtained. Po- 50 from 10 8 or 10 9 liters/mole upwards, e.g. of the order of 
rous supports such as nitrocellulose paper dotted with 10 10 or 10 1 1 liters/mole, but high affinity antibodies with 
spots of binding agent are therefore less preferred, Un- affinity constants of 10 12 -10 13 liters/mole can also be 
like the supports used in GB 2,099,5 78 A, which seem to used. The invention can be used with such binding 
need to be porous because of the large number of mole- agents which are not themselves labelled. However, it is 
cules to be attached, the supports for use in the present 55 also possible and frequently desirable to use labelled 
invention use much smaller quantities and therefore binding agents so that the system binding agent- 
need not be porous. The non-porous supports may, for /analyie/site-recognition reagent includes two different 
example be of plastics material or glass, and any conve- labels of the same type, e.g. fluorescent, chemilumines- 
nient rigid plastics material may be used, Polystyrene is cent, enzyme or radioisotopic, one on the binding agent 
a preferred plastics material, although other polyolefins 60. and one on the site-recognition reagent. The measuring 
or acrylic or vinyl polymers could likewise be used. operation then measures the ratio of the intensity of the 
The support means may comprise microbeads, e.g. of two signals and thus eliminates the need to place the 
such a plastics material, which can be coated with uni- same amount of labelled binding agent on the support 
form layers of binding agent and retained in specified when measuring signals from standard samples for cab- 
locations, eg. hollows, on a support plate, Alternatively 65 bration purposes as when measuring signals from the 
the materia] may be in the form of a sheet or plate which unknown samples. Because the system depends solely 
is spotted with an array of dots of binding agent, It can on measurement of a ratio representative of binding site 
be advantageous for the configuration of the support occupancy, there is also no need to measure the signal 
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from the entire spot but scanning only a portion is suffi- 
cient Each binding agent is preferably labelled with the 
same label but different labels can be used. 

The binding agents may be applied to the support in 
any of the ways known or conventionally used for coat- 
ing binding agents onto supports such as tubes, for ex- 
ample by contacting each spaced apart location on the 
support with a solution of the binding agent in the form 
of a small drop, e.g. 0.5 microliter, on a 1 mm 2 spot, and 
allowing them to remain in contact for a period of time 
before washing the drops away. A roughly constant 
small fraction of the binding agent present in the drop 
becomes adsorbed onto the support as a result of this 
procedure. It is to be noted that the coating density of 



10 



The site-recognition reagents used in the method 
according to the invention may themselves be antibod- 
ies, e~g. monoclonal antibodies, and may be anti-idioty- 
pic or anti-anal yte antibodies, the latter recognising 
occupied sites. Alternatively, for example for analytes 
of small molecular size such as thyroxine (T4), unoccu- 
pied sites may be recognised using either the anal yte 
itself, appropriately labelled, or the analyte covalently 
coupled to another molecule— eg. a protein 
molecule — which is directly or indirectly labelled. The 
site-recognition reagents may be labelled directly or 
indirectly with conventional fluorescent labels such as 
fluorescein, rhodamine or Texas Red or materials usable 
in time-resolved pulsed fluorescence such as europium 



binding agent on the microspot does not need to be less IS and other lanthanide chelates, in a conventional man- 



than the coating density in conventional antibody- 
coated tubes; the reduction in the number of molecules 
on each spot may be achieved solely by reduction of the 
size of the spot rather than the coating density. A high 
coating density is generally desirable to maximise sig- 
nal/noise ratios. The sizes of the spots are advanta- 
geously less than 10 mm 2 preferably less than 1 mm 2 . 
The separation is desirably, but not necessarily, 2 or 3 
times the radius of the spot, or more. These suggested 



ner. Other labels such as chemiluminescent, enzyme or 
radioisotopic labels may be used if appropriate. Each 
site-recognition reagent is preferably labelled with the 
same label but different labels can be used in different 
20 reagents. The site-recognition reagents may be specific 
for a single one of the binding agent/analyte spots in 
each group of spots or in certain circumstances, as with 
glycoprotein hormones such as HCG and FSH which 
have a common binding she, they may be cross-reacting 



geometries can nevertheless be changed as required, 25 reagents able to react with occupied binding sites in 



being subject solely to the limitations on the number of 
binding agent molecules in each spot, the minirnum 
volume of the sample to which the array of spots will be 
exposed and the means locally available for conve- 
niently preparing an array of spots in the manner de- 
scribed. 

Once the binding agents have been coated onto the 
support it is conventional practice to wash the support, 
in the case of antibodies as binding agents, with a solu- 



more than one of the spots. 

In the assay technique the signals representative of 
the fractional occupancy of the binding agent in the test 
samples of unknown concentrations of the analytes can 
30 be calibrated by reference to dose response curves ob- 
tained from standard samples containing known con- 
centrations of the same analytes. Such standard samples 
need not contain all the analytes together, provided that 
each of the analytes is present in some of the standard 



tion containing albumen or other protein to saturate all 35 samples. Fractional occupancy may be measured by 

remaining non-specific adsorption sites on the support estimating occupied binding sites (as with an anti- 

and elsewhere. To confirm that the amount of binding analyte antibody) or unoccupied binding sites (as with 

agent in an individual spot will be less than the maxi- an anti-idiotypic antibody), as one is the converse of the 

mum amount (0.1 V/K) required to conform to the other. For greater accuracy it is desirable to measure 

principle of the present invention, the amount of bind- 40 the fraction which is closer to zero because a change in 



ing agent present on any individual site can be checked 
by labelling the binding agent with a detectable marker 
of known specific activity (i.e. known amount of marker 
per unit weight of binding agent) and measuring the 
amount of marker present Thus, if the use of labelled 45 
binder is not desired on the solid support used in the 
method of the invention the binding agent can neverthe- 
less be labelled in a trial experiment and identical condi- 
tions to those found in that trial to give rise to correct 
loadings of binding agent can be used to apply unla- 50 
belled binding agent to the supports to be actually used. 

The minimum size of the liquid sample (V liters) is 
correlated with the number of mole of binding agent 
(less than 0.1 V/K) so that only an insignificant propor 



fractional occupancy of 0.01 is proportionately greater 
in this case, although for fractional occupancies in the 
range 25-15% either alternative is generally satisfac- 
tory. 

In that embodiment of the present invention which 
relies on two fluorescent markers, the measurement of 
relative intensity of the signals from the two markers, 
one on the binding agent and the other on the site recog- 
nition reagent, may be carried out by a laser scanning 
confocal microscope such as a Bio-Rad Lasers harp 
MRC 500, available from Bio-Rad Laboratories Ltd., 
and having a dual channel detection system. This instru- 
ment relies on a laser beam to scan the dots or the like 
on the support to cause fluorescence of the markers and 



tion of the analyte present in the liquid sample becomes 55 wavelength filters to distinguish and measure the 
bound to the binding agent This proportion is as a amounts of fluorescence emitted. Time-resolved fluo- 
general rule less than 10%, usually less than 5% and rescence methods may also be used. Interference (so- 
desirably 1 or 2% or less, depending on the accuracy called crosstalk) between the two channels can be com- 
desired for the assay (greater accuracy being obtained, pensated for by standard corrections if it occurs or 
other things being equal, when smaller pro portions of 60 conventional efforts can be made to reduce it Discrimi- 



analyte are bound) and the magnitude of other error- 
introducing factors present Sample sizes of the order of 
one or a few ml or less, e.g. down to 100 microliters or 
less, are often preferred, but circumstances may arise 
when larger volumes are more conveniently assayed, 
and the geometry may be adjusted accordingly. The 
sample may be used at its natural concentration level or 
if desired it may be diluted to a known extent 



nation of the two fluorescent signals emitted by the 
dual-labelled spots is accomplished in the present form 
of this instrument, by filters capable of distinguishing 
the characteristic wavelength of the two fluorescent 
65 emissions; however, fluorescent substances may be dis- 
tinguished by other physical characteristics such as 
differing fluorescence decay times, bleaching times, 
etc., and any of these means may be used, either alone or 
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in combination, to differentiate between two fluoro- 
phores and hence permit measurement of the ratio of 
two fluorescent labelled entities (binding agent and 
site-recognition reagent) present on an individual spot, 
using techniques well known in the -fluorescence mea- 
surement field. When only one fluorescent label is pres- 
ent the same techniques may be used, provided that care 
is taken to scan the entire spot in each case and the spots 
contain essentially the same amount of binding agent 
from one assay to the next when the unknown and 
standard samples are used. 

In the case of other labels, such as radioisotopic la- 
bels, chemiluminescent labels or enzyme labels, analo- 
gous means of distinguishing the individual signals from 
one or from each of a pair of such labels are also well 15 
known, For example two radioisotopes such as 125 I and 
131 J may be readily distinguished on the basis of the 
differing energies of their respective radioactive emis- 
sions. Likewise it is possible to identify the products of 
two enzyme reactions, deriving from dual enzyme- 
labelled antibody couplets, these being e.g. of different 
colours, or two chemiluminescent reactions, e.g. of 
different chemiluminescent lifetime or wavelength of 
light emission, by techniques well Jcnown in the respec- 
tive fields. 

The invention may be used for the assaying of ana- 
lyses present in biological fluids, for example human 
body fluids such as blood, serum, saliva or Urine. They 
may be used for the assaying of a wide variety of hor- 
mones, proteins, enzymes or other analytes which are 
either present naturally in the liquid sample or may be 
present artificially such as drugs, poisons or the like. 

For example, the invention may be used to provide a 
device for quantitatively assaying a variety of hormones 



20 



25 



30 



micrograms/ml is formed and 0.5 microliter aliquots of 
this solution are added in the form of droplets one to 
each well of the same Dynatech Microfluor microliter 
plate. 

After addition of the droplets the plate is left for a few 
hours in a humid atmosphere to prevent evaporation of 
the droplets. During this time some of the antibody 
molecules in the droplets become adsorbed onto the 
plate. Next, the wells are washed several times with a 
phosphate buffer and then they are filled with about 400 
microliters of a 1 % albumen solution and left for several 
hours to saturate the residual binding sites in the wells. 
Thereafter they are washed again with phosphate 
buffer. 

The resulting plate has in each of its wells two spots 
each of area approximately 1 mm 2 . Measurement of the 
amount of fluorescence shows that in each well one spot 
contains about 5 X 10 9 molecules of anti-TNF antibody 
and the other contains about 5x 10 9 molecules of anti- 
HCG antibody. The wells are designed for use with 
liquid samples of volume 400 microliters, so that 0.1 
V/K is 4x 10- 14 moles (equivalent to 2.4X 10 10 mole- 
cules) for the anti-TNF antibody and 7X10- 14 moles 
(equivalent to 4X10 10 molecules) for the anti-HCG 
antibody. 

EXAMPLE 2 

A microliter plate prepared as described in Example 
1 is used in an assay for an artificially produced solution 
containing TNF and HCG. A test sample of the solu- 
tion, amounting to about 400 microliters, is added to one 
of the wells and allowed to incubate for several hours. 
About 400 microliters of various standard solutions 
containing known concentrations (0.02, 0.2, 2 and 20 



relating to pregnancy and reproduction, such as FSH, 35 ng/ml) of TNF or HCG are added to other wells of the 

LH, HCG, prolactin and steroid hormones (e.g. proges- p i ate a] s0 allowed to incubate for several hours, 

terone, estradiol, testosterone and androstene-dione), or Tb e wells are then washed several times with buffer 

hormones of the adrenal pituitary axis, such as Cortisol, solution. 

ACTH and aldosterone, or thyroid-related hormones, ^ site-recognition reagents there are used for the 

such as T4, T3, and TSH and their binding protein 40 TNF spots an anti-TNF antibody having an affinity 

TBG, or viruses such as hepatitis, AIDS or herpes vi- constant for TNF at 25* C of about 1 X 10^° liters/mole 

rus, or bacteria, such as staphylococci, streptococci, and for the HCG spots an anti-HCG antibody having an 

pneumococci, gonococci and enterococci, or tumour- affinity constant for HCG at 25* C. of about 1X10 11 

related peptides such as AFP or CEA, or drugs such as liters/mole. Both antibodies are labelled with fluores- 

those banned as illicit improvers of athletes' perfor- 45 ^in (FITC). 400 microliter aliquots of solutions of these 

mance, or food contaminants. In each case the binding labelled antibodies are added to the wells and allowed 

agents used will be specific for the analytes to be as- t0 stanc j f or a f ew hours. The wells are then washed 

sayed (as compared with others in the sample) and may buffer. 

be monoclonal antibodies therefor. The resulting fluorescence ratio of each spot is quan- 

Further details on the methodology are to be found in 50 tified with a Bio-Rad Lasersharp MRC 500 confocal 



my International Patent Publication W088/01058, the 
contents of which are incorporated herein by reference. 

The invention is illustrated by the following Exam- 
ples. 

EXAMPLE 1 

An anti-TNF (tumour necrosis factor) antibody hav- 
ing an affinity constant for TNF at 25* C. of about 
1 X 10 9 liters/mole is labelled with Texas Red. A solu- 
tion of the antibody at a concentration of 80 micro- 
grams/ml is formed and 0.5 microliter aliquots of this 
solution are added in the form of droplets one to each 
well of a Dynatech Microfluor (opaque white) filled 
polystyrene microliter plate having 12 wells. 

An anti-HCG (human chorionic gonadotropin) anti- 
body having an affinity constant for HCG at 25* C. of 
about 6X10 8 liters/mole is also labelled with Texas 
Red. A solution of the antibody at a concentration of 80 



microscope. From the standard solutions dose response 
curves for TNF and HCG are built up, the figures for 
TNF being as follows: 



55 



60 



TNF concentration 
ng/ml 



FITC fluorescence 
Teus Red fluorescence 



•od TNF spot 



0.02 

0.2 

2 

20 



1.1 
4.6 
7.9 
42.5 



and those for HCG being as follows: 



65 



HCG coDcestnooc 
ng/ml 



FITC fluorescence 
Tcjlu Red fluorescence 



-on HCG spot 



0.02 



1.8 
7.2 
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-continued ^ e ur * ne °^ womCD m pregnancy testing, giving good 

urr m ^ tra urm ft correlations with results obtained by other means and 

HCG conceciranoa F1TC flporescence . 

ng/ml Texas Red fluorescence on Ipo achieving effective concentration measurements for 

2 HCG over a concentration range of two or three orders 

20 2^2 5 of magnitude by correct choice of the best HCG spot 

and dose response curve. 

The artificially produced solution was found to give Production of labelled antibodies 

ratio readings of 5.9 on the THF spot and 10.5 on the The labelling of the antibodies with fluorescent labels 
HCG spot, correlating well with the actual concentre- 10 can be carried out by a well known and standard tech- 

tions of TNF (0.5 ng/ml) and HCG (0.5 ng/ml) ob- nique, see Leslie Hudson and Frank C Hay, "Practical 

tained from the dose response curves. Immunology", Black well Scientific Publications (1980), 

EXAMPLE 3 pages 11-13, for example as follows: • 

The monoclonal antibody anti-FSH 3G3, an FSH 

Using similar procedures to those outlined in Exam- J5 specific (beta subunit) antibody having an affinity con- 
pie 1 a microliter plate containing spots of labelled anti- slant (jq 0 f 1.3 X 10 8 liters per mole, was produced in 
T4 (thyroxine) antibody (affinity constant about ^ Midd i csex Hospital Medical School and was la- 
1X10H liters/mole at 25 C ), labelled ^iti-TSH (thy. ^ ^ jj^c (rhodamine i sothi ocyanate) or 
roid seating hormone) antibody (affinity constant Texa$ Red ^ a red fluoresccnce . 
about 5X 10^ ^ers/molej a 25 C) and labelled ant^T3 The mon * cloi ^ mtiho6y ^ FSH gD10j a CTOSS . 
(triiodothyronine) antibody (affinity constant about . , . , , . . * , . . ~ 
IX 10H Ites/mole at 25- C.)m each of the individual ^tmg (alpha i subunit) antibody having an affinity 
wells is produced, the spots containing less than CODSlant W ° f ^lO" biers per mole, was likewise 
1X10-U V moles of anti-T4 antibody or less than produced in the Middlesex Hospital Medical School 
2X10- 11 V moles of anti-TSH antibody or less than ^ was labelled with FITC (fluorescein isothiocya- 
1 X 10- 12 V moles of anti-T3 antibody. 25 ™te)> giving a yellow-green fluorescence. 

The developing antibody (site-recognition reagent) The general procedure used involved ascites fluid 

for the TSH assay is an anti-TSH antibody with an purification (ammonium sulphate precipitation and 

affinity constant for TSH of 2x 10 10 liters/mole at 25* T-gel chromatography) followed by labelling, accord- 

C. This antibody is labelled with fluorescein (FITC). ing to the following steps: 
The site-recognition reagents for the T4 and T3 assays 30 l.a. Ammonium sulphate purification 

are T4 and T3 coupled to poly-lysine and labelled with \ m Add 4.1 ml saturated ammonium sulphate solution 

FITC, and they recognise the unfilled sites on their to 5 ml anti body preparation (culture supernatant or 1:5 

respective first antibodies. diluted ^ clt£S fluid) under constanl stirring (45% satu- 

Using 400 microliter aliquots of standard solutions ration) 

containing various known amounts of T4, T3 and TSH, " 2 cimluiK stirring for 30-90 min. Centrifuge at 2500 

dose response curves are obtained by methods analo- ^ Qr mm 

gous to those in Example 2, correlating fluorescence rpm * , " , , . . 
ratios with T4, T3 and TSH concentrations. The plate is , , 3 " D, ^ fi the , su P eraat f * ?« d R dlsso v |* e Pa- 
used to measure T4. T3 and TSH levels in serum from ™* m PBS ^ volume 5 ^ epcat Ste P s 1 *> 

human patients with good correlation with the results 40 

obtained by other methods, 4 - Add 3 - 6 ml saturated ammonium sulphate (40% 

saturation) under constant stirring. Repeat Step 2. 

EXAMPLE 4 5 Discard the supernatant and dissolve the pellet in 

Using similar procedures to those outlined in Exam- the desired buffer, 

pie 1 a microliter plate containing spots of first labelled 45 6. Dialyse overnight in cold against the same buffer 

anti-HCG antibody (affinity constant about 6 x10 s li- (using fresh, boiled-in-d/w dialysis bag), 

ters/mole at 25* C), second labelled anti-HCG anti- 7. Determine the protein concentration either at A28O 

body (affinity constant about. 1.3x10" liters/mole at or by Lowry estimation. 

25* C.) and labelled anti-FSH (follicle stimulating hor- l.b. T-gel Chromatography: (Buffer: 1M Tris-Cl, pH 

mone) antibody (affinity constant about 1.3 X 10 8 liters/- 50 7.6. Solid potassium sulphate) 

mole at 25* C) in each of the individual wells is pro- i. clear 2 ml of ascites fluid by centrifugation at 4000 
duced, the spots each containing less than 0.1 V/K 

moles of the respective antibody. A cross-reacting 2 . Add 1M Tris-Cl solution to achieve final concen- 

(alpha subunit) monoclonal antibody 8D10 with an trationofOlM 

affinity constant of 1 X 10" liters/mole is used as a com- 55 3 Ad(J sufadent amount of solid potassium sulphate , 

FSH as C s? s° Pmfi " * FiDal «»ccntimtion:-a5M. 

Vto?4M microliter aliquots of standard solutions t' n^J^T^ . ■ 

containing various known concentrations of HCG and . co ) umn 0. 1M Tns-Cl buffer contain- 

FSH, dose response curves are obtained by methods 60 m £ °- 5M Potassium sulphate, until protem profile (at 

analogous to those in Example 2, correlating fluores- A28 °) returns to zero - 

cence ratios with HCG and FSH concentrations, the 6 * Elute * e absorbed protein using 0.1M Tns-Cl 

curve obtained with the higher affinity anti-HCG anti- buffcr 35 tne eluant. 

body giving more concentration-sensitive results at the P° o1 & e fractions containing antibody activity and 

lower HCG concentrations whereas the curve from the 65 concentrate using Amicon 30 concentrates 

lower affinity anti-HCG antibody is more concentra- 8. If HPHT purification is to be carried out, use 

tion-sensitive at the higher HCG concentrations. The HPHT chromatography Starting buffer during Step 7. 

plate is used to measure HCG and FSH concentrations 2. Labelling of Antibodies F1TC/TRITC conjugation: 
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1. Dialyse the purified 1 g protein into 0.25M Carbon- 6. A method as claimed in claim 3, wherein said bind- 
ate-bicarbonatc buffer, pH 9.0 to a concentration of 20 ing agents used have affinity constants for said anarytes 
mg/ml of the order of 10 10 or 10 n liters per mole 

2. Add FITC/TRJTC to achieve a 1:20 ratio with 7- A method as claimed in claim 3, wherein the vol- 
protein (i.e. 0.05 mg for every 1 mg of protein). 5 of said liquid sample is not more than 0.1 liter. 

3. Mix and incubate at 4' C. for 16-18 hrs. 8 - A method as claimed in claim 3, wherein the vol- 

4. Separate the conjugated protein from unconju- umc ° f ^ liquid sample is 400 to 1000 microliters, 
cated bv ^* ^ method as claimed in claim 1, wherein said bind- 

a. Sephade* G-25 chromatography for FITC label, or j»8 a « cnts ODt ° ™ 6 SD PP° rt mcans « 

b. DEAE-Sephacel chromatography for TRITC- 10 ics for the analytes whose concentranons art to be de- 
/FITC label. termined. 

_ 10. A method as claimed in claim 1, wherein said 

ppL ^ S / \" binding agents are labelled with markers enabling the 

^ZZ/^J^J' u TT e . « , 0 w ™. v concentration levels of said binding agents to be mea- 

0.005M Phosphate, pH 8.0 and 0.1 8M Phosphate, J5 $mt ^ 6 * 

pH 8.0 for (b). n A method 35 claimed in claim 10, wherein said 

binding agents and said site-recognition reagents are 

X87 x O.D.493 run labelled with fluorescent markers such that at the indi- 

oxuso m - 035 x OJM95 nm vidua! spots the assay technique for measuring frac- 

20 tional occupancy of the binding agents measures the 

I claim: ratios of the signals emitted by the fluorescent markers. 

1. A method for determining the ambient concentra- ^ A device for use in detennining the ambient edi- 
tions of a plurality of analytes in a liquid sample of centrations of a plurality of analytes in a liquid sample 
volume V liters, comprising: 0 f volume V liters, comprising a solid support means 

loading a plurality of different binding agents, each 25 having located thereon at high coating density at a 

being capable of reversibly binding an analyte plurality of spaced apart small spots a plurality of differ- 

which is or may be present in the liquid sample and ent binding agents, each binding agent being capable of 

is specific for said analyte as compared to the other reversibly binding an analyte which is or may be pres- 

components of the liquid sample, onto a support ent in said liquid sample and is specific for said analyte 

means at a plurality of spaced apart small spots 30 as compared to the other components of said liquid 

such that each spot has a high coating density of sample, each spot having not more than 0.1 V/K moles 

one of said binding agents but not more than 0.1 of a single binding agent, where K liters/mole is the 

V/K moles of binding agent are present on any affinity constant of said single binding agent for reaction 

spot, where K liters/mole is the affinity constant of with the analyte to which it is specific 

said binding agent for said analyte; 35 13. A device as claimed in claim 12, wherein each of 

contacting the loaded support means with the liquid said spots has a sue of less than 1 m 2 . 

sample to be analyzed, such that each of the spots 14 * A device as claimed in claim 13, wherein each of 

is contacted in the same step with said liquid sam- said spots contains more than 10* molecules of binding 

pie, the amount of liquid used in said sample being agent 

such that only an insignificant proportion of any 40 15 A ^ for usc m determining the ambient concen- 

analyte present in said liquid sample becomes tration of a P^ality of analytes in a liquid sample of 

bound to said binding agent specific for said ana. volume V liters, comprising: 

lvte, and a support means having located thereon at high 

measuring a parameter representative of the frac- „. coalin 8 at ! * s P? ced ^ ^ 

tionaJ occupancy by said analytes of said binding 45 V°* 8 *»*»8 «* 

agents at the spots by a competitive or no„<om- bmdmg agent bemg capable of reversibly tending 

6 . . * u - • . . an analyte which is or may be present in said liquid 

petruve assay technique using a site-recogmuon ^1/^ U spccific Lalyte as compared 

reagent for each bmding agent capable of recogmz- tQ £ ^ JZpo nents of thc ^ lc> ^ ch 

ing either the unfilled bmdmg sites or the filled 5Q having not more than 0.1 V/K moles of a 

binding sites on said binding agent, said site-recog- ^ lt bindin where K him/molc * ^ 

nition reagent bemg labelled with a marker en- affinity constant of said single binding agent for 

abling the amount of said reagent in thc particular rcaction ^ ^ t0 which it U spccific , 

location to be measured. a plurality of standard samples containing known 

2. A method as claimed in claim 1, wherein each of 55 concentrations of the analytes whose concentra- 
said spots has a size of less than 1 mm 2 . tj ons i n th e liquid sample are to be measured; and 

3. A method as claimed in claim 2, wherein each of a ^ 0 f labelled site-recognition reagents for reaction 
said spots contains more than 10 4 molecules of binding with filled or unfilled binding sites on said binding 
agent agents. 

4. A method as claimed in claim 3, wherein each of 60 16. A kit as claimed in claim 15, wherein each of said 
said spots has less than 0.01 V/K moles of binding spots has a size of less than 1 mm 2 . 

agent 17. A kit as claimed in claim 16, wherein each of said 

5. A method as claimed in claim 3, wherein said bind- spots contains more than 10 4 molecules of binding 
ing agents used have affinity constants for said analytes agent 

of from 10 8 to 10 13 liters per mole. 65 * * * * * 
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